Few ankle inversion studies have taken anticipation bias into account or collected data with an experimental design that mimics actual injury mechanisms. Twenty-three participants performed randomized single-leg vertical drop landings from 20 cm. Subjects were blinded to the landing surface (a flat force plate or 30° inversion wedge on the force plate). After each trial, participants reported whether they anticipated the landing surface. Participant responses were validated with EMG data. The protocol was repeated until four anticipated and four unanticipated landings onto the inversion wedge were recorded. Results revealed a significant main effect for landing condition. Normalized vertical ground reaction force (% body weights), maximum ankle inversion (degrees), inversion velocity (degrees/second), and time from contact to peak muscle activation (seconds) were significantly greater in unanticipated landings, and the time from peak muscle activation to maximum VGRF (second) was shorter. Unanticipated landings presented different muscle activation patterns than landings onto anticipated surfaces, which calls into question the usefulness of clinical studies that have not controlled for anticipation bias.
Inversion injuries to the ankle complex are among the most common injury in athletics. Soboroff et al. (1984) reported more than two million ankle injuries in the United States every year, which is estimated to affect over 23,000 people daily. Extensive research has been published on ankle range of motion and peroneal reaction time with different variables (Ashton-Miller et al., 1996; Benesch et al., 2000; Cordova et al., 2000 Cordova et al., , 2002 Ebig et al., 1997; Hertel, 2002; Johnson & Johnson, 1993; Kernozek et al., 2008; Konradsen, 2002; Konradsen et al., 1997 Konradsen et al., , 2005 Konradsen & Ravn, 1991; Olmsted, et al., 2004; Podzielny & Hennig, 1997; Ricard et al., 2000; Rovere et al., 1988; Soboroff et al., 1984; Vaes et al., 2002; Verhagen et al., 2001) . Results of these studies vary widely, and with different methodologies and criteria for analyzing raw data, it is difficult to make direct comparisons. However, it is established that preactivated peroneal muscles provide dynamic stability for the ankle with peroneal reaction times ranging from 49 ms to 90 ms (Konradsen, 2002) .
Effective attenuation of biomechanical loads experienced when landing a jump requires ankle plantar flexion and often involves ankle inversion that may precipitate ankle injury (Gribble & Robinson, 2009 ). During such joint perturbations, dorsiflexor and evertor muscles, including the peroneus longus, activate to stabilize joint movement. The time between joint perturbation and muscle activation is known as the latency period and is a reliable indicator of polysynaptic reflex response in these muscles to sudden inversion stress (Benesch et al., 2000; Kernozek et al., 2008) . Preactivation of the peroneus longus may indicate a cognitive readiness for a landing event, effectively shortening the latency period and providing rapid joint stabilization (Hertel, 2002) . However, this neuromuscular preparation may be absent with sudden inversion events that typically result in injury. Biomechanical measures of vertical ground reaction force (VGRF) and degree of maximum ankle inversion are established methods of determining loading forces attenuated by the body, and quantifying the amount of joint perturbation experienced by the ankle during the dynamic landing task (Decker et al., 2003; Hodgson et al., 2005; Quatman et al., 2006; Schmitz et al., 2007; Seegmiller & Li, 2006; Self & Paine, 2001; Zhang, Bates, & Dufek, 2000) . Examining landing forces, joint movement, and neuromuscular activity offers an integrative understanding of the mechanisms involved in the landing task and contributing factors to injury. However, the influence of anticipatory preparation on landing task performance is unknown.
Most dynamic ankle inversion research has used various tilting inversion platforms requiring subjects to walk or stand while a trapdoor was triggered and electromyographic (EMG) data recorded. While many of these studies provide useful information, our study is the first to separate anticipated dynamic inversion events from those that are unanticipated, and compare vertical ground reaction forces, inversion velocity, and EMG data collected during active drop landings.
Our experimental methodology was partially conceived from anecdotal evidence given by participants in trapdoor studies who reported that they "knew" when the trapdoor was about to trigger, because of a faint buzz or movement from the investigator, which allowed them enough time to prepare for the inversion event. Anticipatory preparation for an experimentally induced inversion confounds data and prevents investigators from gaining an accurate understanding of the mechanisms involved in lower-extremity injuries, which are generally unanticipated. In addition, trapdoor tests are limiting in that the ground seldom falls out from under a person while walking or standing and this type of trapdoor methodology is not a close approximation to the dynamic injury mechanism of inversion when landing from a jump. Furthermore, results from standing or walking inversion studies cannot be extrapolated to jump or drop landings because of known differences in peroneal reflex response (Grüneberg, Nieuwenhuijzen, & Duysens, 2003) .
Since ankle injuries often result from landing with a sudden, unanticipated inversion, our primary purpose was to compare anticipated landings from unanticipated landings to quantify differences between the two conditions. Specifically, we hypothesized that subjects would experience greater maximum ankle inversion (degrees), greater inversion velocity (degrees/second), increased normalized vertical ground reaction force (% body weights), greater peak EMG amplitude (Hz), greater time from peak EMG amplitude to maximum ankle inversion (seconds), greater time from maximum vertical ground reaction force to peak EMG (seconds), and greater time from toe contact to maximum ankle inversion (seconds) during unanticipated landings when compared with anticipated landings. Given evidence that women sustain more ankle injuries than men (Fagenbaum & Darling, 2003; Noyes et al., 2005) and research indicating that women land with greater vertical ground reaction force (VGRF) than men (Schmitz et al., 2007; Seegmiller & Li, 2006) , we also predicted that degree inversion, inversion velocity, VGRF, and peroneal latencies would be greater among women than men.
Methods Participants
Twenty-three volunteers (11 men, 12 women) with healthy ankles participated in this study (weight, 77.31 [19.34] 
Instrumentation
Participants performed a single leg drop landing with their right leg onto a 30° inversion wedge from a height of 20 cm as measured from the platform to the midpoint of the wedge angle. The inversion wedge was constructed of steel and covered in grip tape to prevent foot slippage (Figure 1 ). The inversion wedge was placed on a 9281C Kistler force plate sampling at 1000 Hz (Kistler Instruments Corp., USA). The signal was amplified with an external 8-channel 9865B charge amplifier (Kistler Instruments Corp., USA).
Surface EMG of the peroneus longus muscle was sampled at a rate of 1000 Hz using the Noraxon Telemyos telemetry system (Noraxon USA, INC). The EMG signal was differentially amplified and filtered with a bandwith of 10-350 Hz. We performed a fast Fourier transformation to calculate mean power frequency. The signal had a common mode rejection greater than 100 dB at 50/60 Hz and the overall gain was set to 2,000. Peak EMG amplitude was defined as the highest voltage of peroneus longus activity within 100 ms after toe contact (Berg et al., 2007; Eechaute et al., 2007 ).
An area 1-2 cm distal to the fibular head of the peroneus longus muscle was shaved and cleansed with alcohol. Two solid gel 3M Red Dot Ag/AgCl disc electrodes with an interelectrode distance of 4.5 cm were placed over the muscle belly. The ground electrode was placed over the superior aspect of the patella (Berg et al., 2007) . EMG data were normalized with a ten-pound weight that was strapped to the ankle of the subject before each trial (Figure 2 ). When instructed, the subject was asked to evert their foot to the neutral position and a manual offset measurement was taken to normalize EMG data before the landing trial. This normalization method adhered to recommendations that EMG amplitude should be normalized with isometric contractions at less than 80% maximal voluntary contraction with limited joint movement (De Luca, 1997) .
For motion capture, four reflective markers were placed on subjects' posterior right ankle and lower leg ( Figure 3 ). The first marker was placed at the base of the calcaneus, the second at the apex of the calcaneus. Two markers were placed 6 cm and 18 cm above the apex of the calcaneus, along the center line of the lower leg. Marker and EMG electrode placements were performed by the same researcher for every subject (Schmitz et al., 2007) .
A Fastcam PCI R2 high-speed video camera, sampling at 250 Hz, recorded each trial. Video, EMG, and VGRF were synchronized with an event synchronization unit and analyzed with Peak Motus Software, version 8.0 (Peak Performance Technologies Inc., USA). Toe contact was identified when the analog signal exceeded the 1 mV threshold and was used as the event synchronization trigger. Successful synchronization was later validated when the analog and video files were compared.
Trial Description
Participants were assigned a number and completed a medical history form. Height and weight were recorded, and each subject's right ankle was examined by a Certified Athletic Trainer. After examination and approval for the study, reflective dots were placed along the center line of the leg as previously described. Electrodes were secured with prewrap and athletic tape.
The drop landings were randomized between the inversion platform and the flat surface (Grüneberg et al., 2003) . Wearing a dribbling shield (a type of goggle used in basketball to prevent players from seeing their hands, feet, or the floor) and head phones (to mask the sound of platform movement), participants were blindly led to the platform and helped into position by a research assistant (Schublova & Seegmiller, 2005) .
Participants maintained a single limb stance on the nontest limb until instructed to drop 20 cm onto the force plate with their full weight borne on the test limb. Participants were instructed to land without using their hands or other body parts for support. Landing surface randomly alternated between inversion wedge and flat surface throughout the study.
After each drop, participants were asked which surface they had anticipated landing on. Subjects were instructed to answer truthfully and we assumed that they did. An anticipated landing occurred when a participant thought he or she was going to land on the inversion wedge and did. An unanticipated landing occurred when subjects thought they were going to land on the flat surface but landed on the inversion wedge. Data were not retained for flat surface landings on the force plate. The protocol was repeated until four anticipated and four unanticipated landings onto the inversion wedge were recorded, up to a maximum of twenty landings.
Statistical Analysis
A multivariate analysis of variance (MANOVA) was used to compare dependent variables across conditions. Post hoc univariate ANOVAs within the MANOVA were performed. In the presence of significant post hoc landing by landing interactions, Tukey HSD tests were performed to explain any significant differences within the model. Anticipation of landing condition (anticipated and unanticipated) and sex (male or female) were the independent variables. Dependent variables included maximum ankle inversion, inversion velocity, peak EMG amplitude of the peroneus longus, normalized maximum VGRF (reported as % body weight), time from peak EMG amplitude to maximum ankle inversion, time from maximum VGRF to peak EMG, and time from toe contact to maximum ankle inversion. The p value was set a priori at p < .05.
Data were analyzed with statistical software SPSS, version 13.0, for windows (SPSS Inc, Chicago, IL). Twoway mixed average measures intraclass correlation coefficients (ICC) calculated from the first two trials indicated good to excellent reliability for each dependent variable 
Results
The MANOVA revealed a main effect between the anticipated and unanticipated landing conditions (F = 10.34, p = .00, 1 -β = 1.00, η 2 = 0.67). No main effect was observed between males and females and there was no significant landing by sex interaction. For landing condition, significant differences were observed in maximum ankle inversion, inversion velocity, peak VGRF, time from peak EMG amplitude to maximum ankle inversion, and time from maximum VGRF to peak EMG between anticipated and unanticipated landings. Means and standard deviations for all variables can be found in Table  1 . F-values, power calculations, effect size and level of significance for statistically significant variables are presented in Table 2 . AI max = maximum ankle inversion, measured in degrees; VEL= velocity of inversion, measured as degrees per second; EMG max = peak EMG amplitude of the peroneus longus; tAI max = time from toe contact to maximum ankle inversion, measured in seconds; tEMG max = time from peak EMG amplitude to maximum ankle inversion, measured in seconds; tMAX = time from maximum VGRF to peak EMG, measured in seconds.
Discussion
The most important results of our study were that the mean peroneal latency from toe contact to peak EMG amplitude during unanticipated landings was 81 ms and 47 ms for anticipated landings. The 81 ms of mean peroneal latency during unanticipated landings was greater than any reported in the literature, whereas the 47 ms of peroneal latency occurring with anticipated landings was shorter than reported values. Previous research has not shown consistent results in peroneal reaction time (Konradsen, 2002 ) and a number of confounding factors make comparisons difficult. These factors include diverse criteria for defining a peroneal reaction time, the use of various inversion models, and interest in different variables such as healthy versus unstable, healthy versus surgically repaired, and changes with bracing (Ebig et al., 1997; Johnson & Johnson, 1993; Konradsen et al., 2005; Vaes et al., 2002) .
To our knowledge, no prior study has compared peroneus longus reaction times for anticipated and unanticipated ankle inversions during the dynamic task of single-leg drop landings, although a few were found for unanticipated static inversions and one bilateral study was found. Since previous landing studies have not taken anticipation bias into account, it is difficult to make direct comparisons. However, our anticipated and unanticipated peroneal reaction times compare favorably with the long (89.4 ± 1.5 ms) and short (41.3 ± 1.6) peroneal latencies reported by Grüneberg et al. (2003) . In addition, when we averaged the peroneal latencies for both unanticipated and anticipated landings, the mean peroneal latency was 64 ms, which compares favorably with the normative values of 63 ms reported by Benesch et al. (2000) and 65.3 ms reported by Ebig et al. (1997) .
A wide range of peroneal latencies are reported in the literature, none of which controlled for anticipation bias. Konradsen et al. (1997) reported a peroneus longus reaction time of 54 ms with the foot inverted 30° from neutral position, similar to Rosenbaum et al. (2000) and the 57.3 ms reported by Vaes et al. (2002) in healthy subjects with a 50° tilting platform. A higher latency of 75.2 ms was found by Johnson and Johnson (1993) . Interestingly, our result of 47 ms for peroneal latency during anticipated landings falls below most latencies previously reported and presents the possibility that short latencies measured during anticipated trials may have influenced study results, masking peroneal responses elicited during unanticipated landings. Depending on the purpose of the research, this effect may or may not be relevant; however, it should be taken into consideration a priori. We believe that our anticipated landing latency results offers a new perspective on the use and interpretation of peroneal latency measures in examining neuromuscular interactions with ankle perturbations. Clearly, anticipation of ankle perturbation influences neuromuscular preparation and the speed at which the body compensates for biomechanical loading. Without control over this variable, it is difficult to apply results beyond the laboratory environment or truly understand the mechanics of acute ankle injury sustained from unanticipated inversion events during landing activities.
While we observed shorter peroneus longus latencies that those reported in the literature for anticipated landings, the latencies we observed during unanticipated landings were higher. During unanticipated inversions, we observed mean peroneal latencies of 85 ms, which was higher than any we found reported in the literature, save one. Grüneberg et al. (2003) reported 89 ms during bilateral landings from 30 cm with a 25° ankle inversion on one ankle. They attributed this result to demands beyond the usual stretch-reflex and speculated that the "long latency response observed in the peroneal muscles were related to a complex balance-correcting response aimed at providing stability in the frontal plane" (p. 992). AI max = maximum ankle inversion, measured in degrees; VEL= velocity of inversion, measured as degrees per second; tEMG max = time from peak EMG amplitude to maximum ankle inversion, measured in seconds; VGRF max to EMG max = time from maximum VGRF to peak EMG.
In addition to significantly different peroneal latency times between anticipated and unanticipated landing conditions, our sample of college aged students showed significant differences in peak VGRF, maximum ankle inversion, inversion velocity, time from peak EMG amplitude to maximum ankle inversion, and time from maximum VGRF to peak EMG with results similar to other published studies (Berg et al., 2007; Grüneberg et al., 2003; Kernozek et al., 2008) . These results supported our hypotheses and confirmed that during unanticipated landings, participants land "harder" with faster and greater degree of inversion, which may increase the likelihood of ankle injury.
Our results also indicated that peak EMG amplitude occurred after peak VGRF during unanticipated landings, whereas peak EMG amplitude occurred before peak VGRF during anticipated landings. These results indicated that muscle preactivation helped prepare participants to attenuate landing forces before contact with the landing surface. However, when the landing surface was unanticipated, the muscle preactivation protective mechanism was not in place before peak VGRF, and with greater maximum ankle inversion, velocity, and peak VGRF, the ankle was more exposed to injury. Longer latencies, greater inversion velocity, and greater degree of inversion have been cited as contributing factors to ankle injury (Eechaute et al., 2007; Grüneberg et al., 2003) .
Ground reaction forces experienced during the dynamic task of ankle inversion during a drop landing have not been widely investigated, and anticipatory effects have generally been a limitation of previously published inversion research. We found it surprisingly difficult to acquire data for the unanticipated landings because subjects usually indicated that they anticipated the landing surface. However, since acute ankle injuries are generally not anticipated, research models that successfully duplicate the surprise factor of injury are as valuable as they are rare. Given the significant differences between the unanticipated and anticipated landings, future research should control for this factor.
Our hypothesis that that maximum ankle inversion, velocity, peak VGRF, and peak EMG amplitude would be greater among women than men was not supported by our data. Research results are conflicting regarding sex differences in VGRF (Decker et al., 2003; Ford et al., 2003; Quatman et al., 2006; Seegmiller & Li, 2006) . Seegmiller and Li (2006) examined the effects of sex differences on vertical ground reaction forces from a height of 30 cm and found that women landed with greater ground reaction forces than men. Conversely, Decker et al. (2003) did not find any sex differences in VGRF from a 60 cm height. Ford et al. (2003) compared male and female basketball players landing from a height of 31 cm and did not observe any significant differences in vertical ground reaction force between groups. Quatman et al. (2006) performed a longitudinal study to investigate the effect of maturation on landing force and vertical jump. Subjects dropped from 31 cm and then performed a maximal vertical jump. The authors found that over time, males significantly reduced their landing force while females showed no significant change. Similar to Decker et al. (2003) and Ford et al. (2003) , we did not observe significant differences between sexes in peak VGRF although we did not examine joint loading patterns, which may have revealed biomechanical differences. We also used a fairly low drop height. The 20 cm height was selected to reduce the incidence of injury during data collection. However, sex differences may emerge with higher drop heights and detailed biomechanical analysis, which warrants further investigation.
Our study did have a few limitations. First, we only recruited subjects with healthy ankles. Conducting a similar study with functionally unstable ankles may provide more information on the neuromuscular and biomechanical factors related to unanticipated ankle inversion, but carries a greater risk of harm to participants. Second, unavoidable skin movement may have asserted some small influence on maximum ankle inversion measurements. Third, we had to assume that subjects told the truth when reporting whether the landing was anticipated or not. The last limitation was that our platform setup only allowed for examination of the right ankle and therefore, participant leg dominance was not taken into consideration.
Our research protocol offers a new way to separate anticipated landings from unanticipated landings to obtain data free from anticipation bias. Unanticipated landings yielded a significantly greater degree of maximum ankle inversion, inversion velocity, peak VGRF, and time to peak EMG than anticipated landings. Peak EMG amplitude for anticipated landings occurred before peak VGRF, while peak EMG amplitude in unanticipated landings occurred after peak VGRF. Given our results, we believe that future researchers should control for anticipation bias when studying injury mechanisms for the ankle. Future research should expand upon our study to investigate the biomechanics and peroneal latency of functionally stable and unstable ankles from various heights, and further describe how anticipatory preparation influences landing performance. Even though our results offer an intriguing glimpse of how neuromuscular and biomechanical factors relate to ankle injury, it should be noted that the clinical significance of these results should be interpreted cautiously as these are the first data from a novel research design.
